A study was conducted to determine how verbal instruction could be supplemented by visuals, and in particular, how to take pedagogical advantage of the excellent capabilities of the PLATO! TV computer-based instructional system. Literature research disclosed little previous Information of value on the subject. Three versions of a lesson on the sine-ratio concept were prepared, one with verbal text supplemented with animated graphics, one supplemented with still graphics, and one without graphics (text only). Forty-five students from the Basic Electricity/ Electronics School at the Naval Training Center (NTC), San Diego, were randomly assigned to the three versions. A comparison of the pretest and potttest mean scores for each group revealed learning took place in each group, and a questionnaire administered after the,posttest revealed that the students gave positive ratings to the instructional materials aild presentations.
The groups did not differ in time required for trainLig.
On the posttest, the animated graphics group had the highest mean performance, but none of the differences between groups were significant. It was concluded that these results are consistent with previous findings suggesting that graphics are more useful for teaching concepts involving time and notion than for concepts involvirig space, and more useful for tasks involving stimulus identification than for tasks involving terminology or comprehension. As part'of the evaluation of PLATO IV technology, this effort was planned to study ways to take advantage of the terminal graphic display capabilities.for computer-based instruction. The research specifically examined how verbal instruction (text) for learning the sine-ratio concept could be supplemented by Visuals (graphic displays).
UNCLASSIFIED

Background
A search of the computer-assisted instruction (CAI) literature revealed no systematic study of the effects on concept learning of graphic supplementation of verbal instructional material. The few recent studies of this question .outside the CAI field were .gf little help. The most comprehensive study, that of Dwyer (1971) , concluded that verbal instruction should:be used without graphic' supplementation in learning the structural-functional concepts of 4 topic.
Approach
Three versions of a lesson on the sine-ratio concept were prepared, one in which verbal text was supplemented with animated graphics, one with still-graphics, and one without graphics (text-alone). Forty-five students from the Basic Electricity/Electronics School at.,the Naval Training Center (NTC), San Diego, were randomly assigned to the three versions. The hypothesis was that the animated graphics groups would have a higher mean posttest score than the still-graphics group, and the still-graphics group a higher mean score than the text-alone group.'
Findings an&Conclusions
A comparison of the pretest and posttest mean scores for each group revealed that learning took place in each group.
On a questionnaire administered after the posttest, student ratings of the instructional material and presentation yere highly positive. However, thfre was no significant difference between the mean posttest, scores for the three groups. Students apparently learned as much about the sineratio concept from text alone as from text and still graphics or text and animation. Failure to find that graphics supplemented the learning and oomprehension of a verbal concept involving space appears consistent with the literature. Cat4u1 format and sequence presentation of text and graphics on the PLATO plasma screen may be necessary to avoid producing simultaneous or competing attending behaviors.
\di, 7 Mean Gain Scares and T-tests 
Student Ratings of the Training Materials
INTRODUCTION
The PLATO system is outstanding among computer-assisted instruction (CAI) systems for its capabilities in presenting complex graphic images, a fact that is well documented (Bitzer, et al, 1970; Lyman, 1974) . However, a search of the literature has revealed no systematic study of where and how to best apply these graphic capabilities for pedagogical purposes.
In a broader context, several researchers have recently studied the possibility of supplementing verbal instruction with visuals. Gorman found no significant differences when using simple line drawings or shaded line drawings when students were asked to identify exemplars of a concept (Gorman, 1973) . Strang (1973) found that the leatning of atypical vocational skill from a series of 35mm slides was enhanced by the addition of verbal instructions. Wells and his associates (1973) found that motion pictures were mare, effective than a sequence of slides or still pictures in teaching concepts involving time or motion, although there were no significant differences for learning concepts involving space.
The most comprehensive of recent investigations of methods of combining text and visuals for effective teaching was done by Francis Dwyer (1971) .
The study evaluated various ways to teach the structure and function of the heart. One group of students received oral instruction without any visuals. Other groups received the same oral instruction supplemented with illustrations of various types--i.e., simple line drawings in black and white (b/w) or color, detailed shaded drawings in b/w or color, and photos of an actual heart in b/w or color. Corresponding to different educational objectives, the students were given four criterion tests, a verbal-picture drawing test, a verbal-picture identification test, a verbal terminology test, And a verbal comprehension test. Significant differences were found between groups on the drawing and identification test scores.
However, the terminology and comprehension test scores revealed that the oral presentation, without visuals, was as effective as the treatments with visuals. Dwyer concluded that the verbal instructions could be used without visuals for comprehending the structural-functional relationships in the topic.
Learning content and subject population limitations in Dwyer's study should be noted and justify continued research on facilitation of training with visuals.
The present report describes an investigation Of where and how to best apply graphic capabilities for learning in a CAI context. Three versions of an instructional lesson on the sine-ratio concept were compared.
The first version comprised text and animated graphics, the second used the same text with still graphics, and the third used the text alone. The hypothesis was that performance on a posttest would be progressively, degraded as the visual supplements were removed.
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METHOD
Subjects
All subjects were students attending the Basic Electricity and Electronics School (BE&E) at the Naval Training Center (NTC), San Diego, California. The curriculum was an individualized course of insttuction broken down into 14 nodules. Trigonometry was not encountered by the student until he reached Module 12; consequently, a student was not eligible for participation in the CAI experiment if he had begun, that module. The only other constraint on selecting a subject was that he had not had trigonometry in high school.
The Sine-Ratio Lesson and Thst Materials
The overall training objective of the sine -ratio concept lesson was that the'subjects should be able-to comprehend the sine ratio to the point where they could (1) use' the fot'mula, sin 0 = ea, along with a table of sines to calculate the value R and (2) trangRse this formula on the basis of the fact that it wag an equation.
The sine-ratio training materials were broken down into the fo lowing subconcepts:
(1) right ; triangle,. (2) ratio, (3) sine ratio, and (4).equation.
A multiple-choice criterion test of 26 items was.written, and each test item was visualized as fully as possible--i.e., the basic raphic images were laid out, with particular attention focused on.)the se uencing of change (animation) in their configuration.
The text of the nstruction, for the most part, consisted of simple declarative sentenCes written in answer to each test item. 4 Twenty-nine instructional: displays were produced. There was one display for each of the 26 test items plus three found to be necessary for smooth transitions.
The 29 displays comprised the first version of the lesson; the second version used the same text and key graphics without animation; and the third eliminated all graphics and served as a text-alone control.
The same criterion test served as both the pretest and the posttest, the only difference being in the order of the four possible choices of answers for each question. Table 1 shows samples of the way the information was presented in each version of the lesson. A questionnaire, designed to igtister the student's, attitudes toward the CAI experience, was filled out by each subject before he returned to the BE&E School.
It contained 41 questions divided among several topic areas:
(1) PLATO terminal operating.instruction, (2) typing problems, (3) clarity of the images on the plasma screen, (4) the moveable keyboard, (5) instructional effectiveness of the lesson, ane(6) general appraisal of computer-based instruction.
Apparatus
All levons arid tests were mediated by the PLATO IV computer-based education system, the hardware of whidillhas been described by Stifle (1972) . Student terminals in San Diego were connected to the PLATO system at the University of Illinois. The training materials for the sine-ratio lessons were diSplayed on an 8-inch square plasma screen. Progress through a lesson wet controlled by dip student, who used a keyboard adjacent to the Computer Specialists coded the pretest, the three versions of instruction, and the posttest in TUTOR language for display on the PLATO IV computerbased instructional system.
2.
Each of the 45 students from the BE&E School were randomly assigned to ofke of the three versions of the lesson (15 to each version).
3.
The student controlled the pacing of the displays by a keyboard, the use of which was explained tothim in a brief introductory lessOn. He had the option of repeating the viewing of each of the four sequences. , (subconcepts) that comprised the lesson. He did not have the option to repeat an individual display (unit).
4.
The PLATO system recorded the .stuilents' answers to pretest and posttest questions and kept a tally of right answers. Latencies for test items and units of instruction and the sequence in which the student viewed the displays were also recorded.
5.
Student performance data was assessed and displayed on the PLATO screen by the exgeximenter for analysis.
RESULTS
Gain Score Means
An analysis was made of the gain scores to determine whether the instruction prodUced an improvement in performance. Table 2 shows the pretest-posttest mean gain scores and their standard deviations. One score in Group 3 was lost and reduced n to 14 for that group. With a null hypothesis that the mean gain score equalled zero, the t-tests showed that learning took place between the pretest and postttst in each of the three groups.
, Analysis of Covariance Table 3 shows the mean scores for three measures of a student's background--the GCT, ARI, and the sine-ratio pretest--for Groups 1, 2, and 3.
An analysis of covariance was performed to adjust the posttest scores for differences on the three background measures resulting from the random Assignment of subjects to groups. Table 4 lists the correlation coefficients of the background measures against the mean posttest scores for each group. Table 5 shows the posttest and adjusted posttest means.
Although the animated graphics group appeared to have scored higher than the other 'groups, the differences were not signifidant, The power of the F-test (Myers, 1972) against.an alternate hypothesis of three points difference', Between 'groups, was approximately .40 for a = .05; thus, small differences were not likely to be,detected. Covarianc.2 analysis F(2,39) = 1.22
Mean Times
The mean total time required for each group of students to go through the instruction and the posttest is shown in Table 6 . A computer program:, malfunction during data collection lost two data points in Groups 1 and 3, and one data point in Group 2. The differences between groups were not significant. The power of the F-test, against the alternative hypothesis that the groups would vary by more than 5 minutes, was approximately .50 for a = .05. Table 7 gives the correlations of mean instruction and posttest times with means of the background measures. Note that only in Group 2 were the GCT and ARI scores good predictors (.64 and .61) of the time a student would take to complete instruction and the posttest. Student rating of the instructional materials and their presentation was definitely positive. Table 8 shows the questions asked and the frequency with which each rating was chosen.,A five-step scale was used on three basic dimensions--poor to outstanding, 0 to 100%, and never to always. The data appear to show that a student could learn as much about the sine-ratio concept from text alone as from a combination of text and still or animated graphic$.
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It is possible that the learning task employed was not sufficiently difficult to be sensitive to the effects of graphics.
The degree of learning in the text-only group may have been a reflection of the careful preparation which went into the development of those materials. Also the pre-and posttest questions were heavily weighted verbally and lacked dependence on visual graphics, thus making the learning task similar to the verbal terminology and verbal comprehension conditions in which Dwyer (1971) failed to find graphic facilitation.
Another explanation for failure to find differences between the experi-, mental conditions is that trainees attending the BE&E School may have been I\ accustomed to using verbal labels for the mental images of straightline, angle, triangle, etc.
Graphic representation of these images would, therefore, have been superfluous or even a distracting redundancy. Graphics might be demonstrated to be more useful in the learning of more spatially complex concepts.
Possible Effects of Instruction System Delivery Constraints
Two major PLATO system constraints may have resulted in decreasing the influences of the experimental variables during the study. ,These constraints are:
(1) the temporal and spatial manner in which text and graphics are generated on the display screen, and (2) the absence of audio capability at the time the study training materials were being developed.
The PLATO system takes a noticeable amount of time to genetate a display on its plasma screen.
The letters of the text come up in a series, so text is displayed from left to right and down the screen. The lines of the graphics are generated from source to terminal points and look as if they are being drawn as they make their appearance on the screen. Though this process is fast, blocks of text or complete graphics cannot be generated on the screen instantaneously as with motion pictures or television.
Audio might have prevented problems with integration of text and graphics.
Had audio been available, the pacing ofka student's viewing o$ the stimuli might have been better controlled.
For example, appropriate pauses in the narration could have allowed verbally coded information to be repeated or supplemented with graphic coding. Without audio, the time allowed for reading a block of text could not guarantee that the display of an associated graphic would not act as an interruption or distraction in the form of a competing visual stimulus.
A.J
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For most of the unit displays, the preceding constraints resulted in putting graphics and text on the screen as fast as possible and allowing the student to decide whether to examine the diagram or read the text first. Occasionally, pauses to allow reading before displaying4,.a graphic were risked.
In one case, in Unit 18 of the first version of the lesson (Table  1) , the student had to press a key before the right-triangle would appear and animate through a series of right-triangles with decrements or increments in the value of O.
Since-th-e-se constraints presumably operated in proportion to the complexity of the graphics supplementing the text, they may have counteracted the expected advantages of the animated version over the still graphic version, and the latter over the text alone.
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